All DFT calculations were performed with hybrid functionals B3LYP and PBE0, using the Gaussian 09 package [S1]. Geometries were optimised under a convergence criterion of 10 -5 atomic units for RMS forces. Basis set 6-311++G(d,p) was used for light atoms (H, C and S). The gold atom was described by the Stuttgart-Dresden effective core potential for 1s-4f electrons and gaussian basis set for the valence electrons (19 valence electrons were considered), to which a f-shell polarization gaussian function was added, 
Raman activities were calculated using the standard software procedures. Thiophenol having no electronic transition in the visible range probed by SFG, static Raman polarizability calculations were performed. Tests to compare the results to dynamic polarizability calculations have confirmed that they showed no quantitative improvement on the Raman intensities. In a second step, anharmonicity [S5] was taken into account in order to improve the calculated frequencies through the appropriate option of the Gaussian 09 package. The perturbative anharmonic calculation was limited to the four vibration modes under study.
Visualization of geometries and vibration modes was done using the Gabedit software [S6] .
The results described in the Main text are displayed in the following tables. Columns outlined in bold contain data used in The same conclusions as above can be drawn, except that B3LYP is unable to account for the correct mode assignment, even with anharmonic correction.
